| INTRODUCTION
Fluorine-18 is the most common radionuclide for positron emission tomography (PET) due to its clean decay process (97% β + ); its optimal positron energy (634 keV), which ensures high image resolution; and its adequate half-life (109.8 min), which allows multistep radiosynthesis and purification. 1 Norepinephrine transporters (NETs) are plasma membrane proteins located in the presynaptic noradrenergic neurons of the central nervous system. NETs are responsible for the reuptake of norepinephrine and dopamine, so disturbance of the NET system can lead to neurodegenerative and neuropsychiatric disorders. Radiofluorination of arenes remains a challenge for radiochemists. Previously, radiofluorination of many arenes was possible only using carrier-added electrophilic fluorination with [ 18 F]F 2 , which resulted in low molar activities. 1 Traditionally, high radiochemical yields (RCYs) and molar activities (A m s) can be achieved with nucleophilic labelling, but the reactivity scope is limited. Several methods have recently been introduced to improve nucleophilic 18 F-labelling reactions; for example, the use of iodonium 8 or sulfonium 9,10 salts enables 18 F-labelling of nonactivated aromatic compounds. Recently, a new pathway, termed transition metal-mediated 18 F-fluorination,
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was introduced to produce 18 F-labelled arenes with high A m s. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] This transition metal-mediated synthesis pathway is based on the use of cyclotron-produced [ 18 
F]F
− . In 2011, Lee et al. 11 reported the use of palladium complexes in 18 F-labelling reactions, but due to the moisture-sensitive nature of these complexes, a more convenient labelling method was still needed. 11, 12 Nickelmediated radiosynthesis followed the next year, but this still required the preparation and proper handling of highly complex precursor molecules, which was found to be cumbersome when designing clinical tracers that had to be synthetized according to good manufacturing practices (GMPs). [13] [14] [15] [16] [17] A, which was the decreased to 92% A for 0.1 minute followed by 36 minutes of 92% A. The flow rate was 5.0 mL/min. Analytical radio-HPLC was carried out with a VWR Hitachi L-2130 HPLC pump (VWR Hitachi, VWR International GmbH, Darmstadt, Germany) equipped with a VWR Hitachi L-2400 UV absorption detector (λ = 230 nm) and a 2 × 2-in NaI radioactivity detector. A Luna C5 column (5 μm, 4.6 × 150 mm; Phenomenex, Milford, Massachusetts) was used for analytical analysis of compound [ 18 F]2. The mobile phases were as follows: (A) 0.1% TFA in H 2 O and (B) 0.1% TFA in CH 3 CN. The analytical column was eluted for the first 3 minutes with 20% B, which was then increased to 60% B for 0.1 minute followed by 12 minutes of 60% B (analytical HPLC method 1). The flow rate was 1.5 mL/min. For compound [ 18 F]3, a Gemini C18 column (5 μm, 4.6 × 250 mm, Phenomenex) was used. The mobile phases were as follows: (A) 7mM KH 2 PO 4 and (B) CH 3 CN. The C18 column was eluted for the first 8 minutes with 100% A, which was then increased to 50% B for 4 minutes followed by 8 minutes of 50% B (analytical HPLC method 2). The flow rate was 1.5 mL/min.
All RCYs and A m s are decay-corrected to the start of the synthesis. The radiochemical purities (RCPs) are based on the amount of overall radioactivity eluted from the HPLC column. The product fraction was collected in a separate vial. We determined that there was no leftover radioactivity in the injector or in the HPLC column after the analytical HPLC run. RCY Levels of copper and tin in the final preparation were analyzed with inductively coupled plasma mass spectrometry (ICP-MS; PerkinElmer, Elan DRC Plus). Commercial multielement standards were used for instrument calibration.
| Radiochemistry
The radiofluorination reaction was optimized by varying the following: the amount of Cu(OTf) 2 (py) 4 and the base (K 2 CO 3 ), the reaction solvent (MeCN or DMA), how the reaction solution was mixed (bubbling with air or helium), the reaction temperature, and the amount of precursor 1 ( 4 was added in MeCN, the solvent was evaporated with a helium flow at 80°C to 120°C for 2 minutes. Compound 1 (7.5-8.5 μmol, optimized amount) was dissolved in DMA (0.5 mL) and added to the reaction vessel. The reaction solution was mixed by bubbling helium or air through the solution for 10 to 60 seconds and then heated at 70°C, 80°C, 100°C, or 120°C or kept at room temperature (RT) for 1 to 40 minutes. Samples (20 μL diluted in 200 μL CH 3 CN) were collected during the reaction (at 1, 5, 15, and 40 min) and were analyzed using HPLC method 1. A previously described method 7 was followed for deprotection of product [
18 F]2. The reaction solvent was changed from DMA to tetrahydrofuran (THF) (1 mL) using a tC18 solid-phase extraction (SPE) cartridge (Waters Corporation, Milford, Massachusetts). THF was According to the ICP-MS analysis, the amount of copper was less than 0.25 μg (Cu-63 residue, n = 3) and the amount of tin less than 0.25 μg (Sn-118 residue, n = 3) in the final product fraction. These amounts are low, well under the limits considered toxic. 23, 24 This demonstrates that the relatively simple chromatographic methods can effectively remove copper and tin from the final product. Based on the used metal amounts, the purification factor is more than 6100 for copper and 3800 for tin. The results of the optimization studies are presented in Table 1 . In the preliminary labelling test, three equivalents of Cu(OTf) 2 (py) 4 and one equivalent of precursor 1 was found to be optimal. Lowering the equivalent amount of Cu(OTf) 2 (py) 4 decreased the RCP. The amount of base (K 2 CO 3 ) did not affect the RCP. Notably, premixing the Cu(OTf) 2 (py) 4 in MeCN or DMA, or mixing the reaction solution by bubbling helium or air through the solution, had no effect on the RCP. Changing the reaction solvent from MeCN to DMA before the addition of 1 resulted in a drastic increase in the RCP from 0.5% to 89% (Table 1, entries 1 and 2) .
The amount of precursor 1 ( Figure 2 . The reaction occurred even at RT (Table 1, entry 8 ), but the RCP at RT was less than 6% (n = 2) after a 20-minute reaction. Of the conditions tested, the optimal temperature and reaction time were 120°C for 2 minutes (n > 5) ( Table 1 , entries 12 and 13). Generally, increasing the reaction temperature resulted in exponential growth of the reaction rate ( Figure 2B ). It is also notable that a longer reaction time (>5 min) at a high temperature resulted in slightly lower RCP and increased the number of side products. This suggests that the product [ 18 F]3 starts to slowly decompose at high temperatures. The amount of precursor 1 was varied between 1 and 8.5 mg (Table 1 , entries 4-7). The lowest RCPs were observed when less than 3 mg of precursor 1 was used. With 1 mg of the precursor (Table 1 , entry 7), the RCP was less than 10% (n = 1). The optimal amount of precursor was 3.5 mg, which resulted in an RCP over 80% after a 1-minute reaction (n > 5). In previous studies, nucleophilic 18 
